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ORALLY ACTIVE ANDROGENS 



0 6. U. 1999 

(58) 



The invention is in the field of androgenic hormones, more specifically derivatives of 19- 
5 nortestosterone. 

Testosterone derivatives are known. As a medicine testosterone itself, the natural male 
hormone, has many known drawbacks as far as methods of administration are concerned. It 
has a short-lasting activity, is insoluble in the usual pharmaceutically acceptable media, and 
10 is not very potent. The more potent dihydrotestosterone {5a-reduced form of testosterone) is 
considered a health-risk, notably for the prostate. 

A more potent androgen is 7a-methyl-19-nortestosterone (MENT) disclosed in FR 4,521 M 
and US 5,342,834, An important drawback of MENT, however, is its unfavourable kinetics 
1 5 which limits its use as an orally active androgen. 

In the field of pharmaceutical preparations in general it is a conmion desire for a medicinal 
agent to be orally active. Oral dosage forms, e.g. solid dosage forms such as tablets and 
capsules, are among the most widely accepted forms of administration. In the field of 
20 androgens, a particular desire exists for the oral administration in connection with a utility 
such as male contraception. Since in the area of female contraception the word "pill" has 
ahnost become a synonym for reliable birth-control, it is evident that also in the case of male 
contraception oral activity is desired, so as to enable providing a male "pill." 

25 Several, mostly very old publications can be mentioned which form the backgroimd-art 
relating to groups of steroid compounds which include 19-nortestosterone derivatives. None 
of these references teaches orally active androgens. 

Thus, in FR 1,432,561, published in 1966, l9-nortestosterones like MENT having an alkyl 
30 substituent at C-7 are employed as a starting material for hormonal agents having a double 
bond between carbon atoms 5 and 6. Alkyl groups other than methyl are not disclosed. 
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BE 861 224 concerns all possible esters of a wide variety of 17-hydroxysteroids. The 
disclosure, which dates from 1976, specifically teaches that certain esters are desired for 
prolonggd^,aGtiv4tyA^of -*the)i<^steroids?^^ steroids disclosed are 

5 oestrogensy anti-oestrogens, androgens and anabolics. A great many possible substituents at 
various positions is given, among which are methyl and ethyl at C-7. 

Chemical Abstracts HQ: 9560 ly (1989) refers to a 17-hydroxy acetate of 7-allyl-19- 
nortestosterone as an intermediate in the synthesis of 7-allyloestradiol. 

10 

EP 159 739 teaches immunomodulating agents of the oestrane series, including particularly 
A"*- and A^^*°^-oestrene derivatives having an alkyl substituent in position 6 or 7. Said alkyl 
substituent^typically is mfethyi. 

15 DE 20 43 404 concerns ,7 p-sterjoids which have. Tanti^hormonal activities. The alkyl 
substituenfcmostly^is methyl, but ethyl^ and(&propyl«are*disGl0sed^as^w^ of 
7p^ethyl-l'9-nortestosterone$^ which^is ?a compound accordingfSto thfe^teaching of DE 20 43 
404, the 7a-isomer is formed as well. It is not taught to use this-^somer for an3rthing, and the 
teaching of this document does not distinguish the ethyl or propyl substituents from the 

20 methyl moiety. 

It is an object of the invention to provide orally active androgens. A further object of the 
invention is to provide androgens which in general have a desirable high potency. According 
to the invention, these and other objectives are achieved by compoimds satisfying the general 
25 formula I'given^below*^ 




wherein 

R, is O, (H,H), (H,OR), NOR, with R being hydrogen, (C, J alkyl, or (C, J acyl; 
5 R2 is (Cj.j) alkyl, isopropyl, (Q.j) 1-alkenyl, isopropenyl, 1,2-propadienyl, or (Cj^) 1-alkynyl, 

each optionally substituted by halogen; or R^ is cyclopropyl, or cyclopropenyl, each 

optionally substituted by (Cj^) alkyl or halogen; 

R3 is hydrogen, (€,.2) alkyl, or ethenyl; 

R, is (C.J alkyl; 
10 R5 is hydrogen, or (C,.,j) acyl; 

and the dotted lines indicate optional bonds; 

with the proviso that the compound is not (7a)-7-ethyl-17-hydroxyestr-4-en-3-one (7a-ethyl- 
19-nortestosterone) or a carboxylic ester thereof. 

15 The term (C,.6) alkyl as used in the definition of formula I means a branched or unbranched 
alkyl group having 1-6 carbon atoms, like methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
tertiary butyl, pentyl, and hexyl. Likewise, the term (C..^) alkyl means an alkyl group having 
1-2 carbon atoms and the term (€„) alkyl an alkyl group having 2-3 carbon atoms. 

20 The term (C2.3) alkenyl means an alkenyl group having 2-3 carbon atoms. Preferred is 
ethenyl. 

The term (C2.3) alkynyl means an alkynyl group having 2-3 carbon atoms. Preferred is 
ethynyl. 

25 

The term (CiJ acyl means an acyl group derived from a carboxylic acid having from 1-6 
carbon atoms, like formyl, acetyl, propanoyl, butyiyl, 2-methylpropanoyl, pentanoyl, 
pivaloyl, and hexanoyl. Likewise, the term (C,.,,) acyl means an acyl group derived from a 
carboxyUc acid having from 1-15 carbon atoms. Also included within the definition of (€,.,5) 
30 acyl are 

[(Cj.^) cycloalkyl]carbonyl, 
[(Cj J cycloalkenyl]caibonyl. 
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benzoyl, 

[[(Cun) alkyl](C3 J cycloalkyljcarbonyl, 
[[(C2.12) alkenyl](C3 J cycloalkyljcarbonyl], 
[[(€2.12) alkynyl](C3 J cycloalkyl]carbonyl], 
5 [[(G,.io) alkyl](C5 J cycloalkenyl]carbonyl], 
[[(C2-10) alkenyl](C5 J cycloalkenyl]carbonyl], 
[[(Cj.io) alkynyl](C5^) cycloalkenyljcarbonyl], 
(C,,9) alkylbenzoyl, 
(C2.9) alkenylbenzoyl, 
10 (C2.9) alkynylbenzoyl. 

Also included within the definition of (C,^) acyl or (Ci.15) acyl are acyl groups derived from 
dicarboxylic acids, like hemi-maloyl, hemi-succinoyl, hemi-glutaroyl, and so on. Preferred is 
hemi-succinoyl, 

15 The term halogen means fluorine, chlorine, bromine, or iodine. When halogen is a substituent 
at an alkyl grouped and F are preferred, F beingmost preferred. 

It is understood that the 7a-substituted nandrolone derivatives of the invention have the 
natural configurations 5a, 8P, 9a, lOp, 13p, 14a, 17p, 

20 

The 7a-substituted nandrolone derivatives of this invention have the natural configurations 
5a, 8p, 9a, lOP, 13p, 14a and 17p, and possess also one or more additional chiral carbon 
atoms. The compoxmds may therefore be obtained as a pure diastereomer, or as a mixture of 
diastereomers. Methods for obtaining the pure diastereomers are well known in the art, e.g. 
25 crystallization or chromatography . 

Unlike the known compound (MENT), which possesses a 7a-methyl substituent, the 
compounds of formula I, which can be referred to as 7a-substituted nandrolones, surprisingly 
have sufficient androgenic potency upon oral administration. None of the above, mostly very 
30 old references teaches orally active androgens, let alone that they provide the person skilled 
in the art with a clue to distinguish any other substituent at C-7 £ix)m the widely used methyl 
moiety. 



The compounds according to the above formula are novel, with the exception of the 
aforementioned 7a-ethyH9-nortestosterone, which is incidentally known as a by-product in 
synthesis. The compound is novel as a medicine in general, as an androgen, and more 
particularly as an orally active androgen. 

Preferred compounds of the invention have selected from the group consisting of ethyl, 
ethenyl, ethynyl, propyl, l-propenyl, 1-propynyl, 1,2-propadienyl, and cyclopropyl. 
Even more preferred are compounds in which R, is oxo, R3 is hydrogen, R4 is methyl, and the 
dotted lines indicate a A"* double bond. 

Most preferred are those compoimds in which is C2, with the highest preference being 
ethyl or ethenyl. 

The invention also pertains to the compounds described hereinbefore as a medicine. The 7a- 
substituted nandrolones of the present invention being potent androgens, they can be used in, 
int,al., male contraception and male or female hormone replacement therapy. Thus the 
invention also pertains to a method of treatment of androgen insufficiency, by administering 
to a human male or female an effective amount of any of the above compounds. The 
invention also is in the use of any of the above compounds for the preparation of a medicine 
for treating androgen insufficiency. In the context of the invention, the term "androgen 
insufficiency" is to be understood to pertain to all kinds of diseases, disorders, and symptoms 
in which a male or a female suffers from too low a testosterone level, such as in hypogonadal 
men. In particular, the androgen insufficiency to be treated by the compound of the invention 
is the reduction of the testosterone level which a human male incurs as a result of age (the 
compoimd of the invention is then used for male hormone replacement therapy), or when he 
is subject to male contraception. In the context of male contraception, the compound of the 
invention especially serves to neutralise the effect of regimens of male hormone 
contraception in which a sterilitant such as a progestagen or LHRH (luteinizing homione 
releasing hormone) is administered regularly, e.g. daily, or it is used as the sole male 
contraceptive substance. 
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The androgens can be adminis.e«d principally via any suitable route available to the skilled 
person. As indicated above, oral administration is prefetred, mo« preferably in the form of a 
«,lid dosage unit such as a Ublet or a capsule. The invention also relates to pharmaceuncal 
fonnulations-comprising., compound«s ■ desctdbed. hereinbefore- and-,- phat^aceuttcally 

; acceptable.carrier,.Thus the carrier may be in a solid fonn or liquid fon„..and..he.fonnulat.on 
™y be an oral dosage unit such as a tablet or an oral solution, e.g. in a capsule. M^ods and 
compositions for making such dosage units are well-known to those skilled in the art. For 
example, conventional techniques for making tablets and pills, contaimng active ingredtents. 
are described in the standard reference. Oennaro « <./. Remington 's Phannaceutical Sconces 

0 (18th ed.. Mack Publishing Company. 1990. see especially Pat 8: PharmaceuUcal 
P^arations and Their Manufacture). The compound can also be administered v.a an 
implant, a patch, or any other suitable device for the sustained release of an androgen 
composition. 

,5 Tlre- dose-of and..,egimen, of,administrati.on of the compo«nds„of.ate. invention, or a 
pharmaceuUcal,compositio„...hereef. to be^mstered .wilUobviously depend on the 
therapeutic efrecWo.be^achi.ved and wi.l. varrwith-the.route.of^ 

and condition of the individual subjec. to whom the medicament is «,.be«iminist««l. and/or 
or *e particular contraceptive or HRT regimen in which it is used. Typical dosage amounts 
20 are 0.001 -5 mg per kg body weight. 

The compounds of the invention may be pKKtaced by various methods known in the art of 
organic chemistry in general, and especially in the art of the chemistry of steroids (see. for 
example: Fried. J. e. aU Clonic Reaction « S.eroia CUen,is«y. Volumes I and II. Van 
25 NostrandReinhold-.eompany..NevfYorte-t972).- 

Essential is the introduction of a saturated or unsaturated 7a-substi«rent^opt,onally 

substiojted by halogenronto thesteroid nucleus.^- 

For 70-substi.utionf several,me.hodolc.gies.are.knoj«»in.the«^^^ others; 
1, . Conjugate addition 0.6.addiHon) of organocopper reagents to suitably substititted (17P)- 
30 17-hydroxyestia-4.6Klien.3.one derivatives, in which the 17.hydroxy group is protected as 
an ester, e.g. an aceute e«er or a benzoate ester, or as an alkoxyalkyl ether, e.g. an 
ethoxyethyl ether or a tetrahydropyranyl ether, or as a silyl ether, e.,. a trimethylsilyl e^er or 
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a r-butyldimethylsilyl ether [for conjugate additions of organocopper reagents, see Lipshutz, 
B.H. et al in Org. Reactions 4i, p. 135, Wiley, New York, 1992]. 

2) - Transition metal-mediated (TiCl4, AICI3, ZrCl^, etc.) reaction of an organosilicon 
compound with a (17p)-17-hydroxyestra-4,6-dien-3-one derivative as described above [again 
fomial 1,6-addition; see e.g, Nickisch, K. et al. Tetrahedron Lett. 22, 1533 (1988)]. 

3) - Base-catalyzed conjugate addition (1,6-addition) of a dialkyl malonate or alkyl 
cyanoacetate to a (17P)-17-hydroxyestra-4,6-dien-3-one derivative as described above [see 
e.g. Cruz, R. et al, Austr. J. Chem. 15, 451 (1982)]. 

4) - Lewis acid-catalyzed reaction of an estra-l,3,5(10),7-tetraene derivative with an 
aldehyde (Prins reaction), resuUing in an estra-l,3,5(10),8-tetraene-7-alkanol derivative [see: 
Kuenzer, H. et al. Tetrahedron Lett. 12, 743 (1991)]. 

5) - AUcylation at C-7 of an estra-l,3,5(10)-trien-6-one derivative [see: e,g. Tedesco, R. et al. 
Tetrahedron Lett. IS, 7997 (1997)]. 

6) - Conjugate addition (1,4-addition) of a suitable nucleophilic reagent {e.g. an 
organocopper reagent) to a 6-[alkyl(or aryl)sulfonyl]estra-l,3,5(10),6-tetraen derivative 
[Schering AG, DE 42 18 743 A 1]. 
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Using these methodologies, the compounds of the invention can further be prepared using 
standard methods known in the art. 

The invention will be further explained hereinafter with reference to the following Examples. 



25 



30 



Example 1 

(let. 1 7pV7-Ethvl-l 7-hvdroxvestr-4-en-3-one . 

i) - A mixture of lithium (0.647 g) and dry diethyl ether (26 ml) was cooled to -30 **C. 
Bromoethane (3.45 ml) was added dropwise while maintaining the temperature below -25 °C. 
After 30 min. stirring at -30 °C the solution of ethyllithium was added dropwise to a 
suspension of copper(I) iodide (4,0 g) in dry tetrahydrofuran (40 ml), cooled to -40 **C. The 
resulting cuprate solution was stirred at -30 '^C for 30 min. and a solution of (17P)-17-[[(1,1- 
dimethylethyl)dimethylsilyl]oxy]estra-4,6-diene-3-one [Nickisch, K. et al. Tetrahedron Lett. 
22, 1533 (1988); 2.5 g] in dry tetrahydrofuran (20 ml) was added dropwise. Stirring was 
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continued at -30 for 30 min., chlorotrimethylsilane (2.58 ml) was added and stirring was 
continued for another 30 min. The reaction mixture was poured into a mixture of a saturated 
aqueous solution of ammonium chloride and concentrated ammonia (9:1). The product was 
extracted^ 'intov ethyWacetate|iathe*Gdmbine.d<4Qrg£uiie^^ saturated 
5 aqueous solution of sodium^-hydrogenGarbonateyp^^iwater'^ and** brine, dried**iover magnesium 
sulfate and concentrated under reduced pressure; to give (7a,17P)Bl»7-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]-7-ethyl-34(trimethylsilyl)oxy]estra-3,5-diene (2.81 g). The 
product was used in the following step without fiirther purification. 

ii) - A solution of the diene obtained in the previous step (2.81 g) in acetone (60 ml) was 
10 treated with hydrochloric acid (6 M, 6.0 ml). After 1 h stirring at room temperature, the 
reaction mixture was neutralized with a saturated aqueous solution of sodium 
hydrogencarbonate. The product was extracted into ethyl acetate; the combined organic 
phases^were washed with water«and^brine,^,dried Qver magnesium'- sulfate and^ con 
under* reduced pressure. Column^ chromatography and pTystallization afforded. (7a. 17pV7* 
1 5 ethvM7-hvdr oyvestr^4-en-3^^^ (0.556 g)^m.R;^ti424-:143^5.^©y 

Example^ 

(7fi-17pV17 -HvdrQxv-7-propvlestf-4-en-^3-6ne^ 

20 (7a,17P)-17-Hydroxy-7-propylestr-4-en-3-one was prepared in a maimer analogous to that 
described under Example 1. [aJo"'' = +38.4 ^ (c = 0.505, dioxane). 

Example 3 

{let. 1 7pV7.n-Fluo ropropvn- 1 7-hvdroxvestr-4-en-3-one- 

25 

i) - A mixture of lithium (2,65 g) and dry diethyl ethe^ (150?ml)',!fwas>?eoolediftOii^ **C. 1- 
Brom6-3-[[(r;l -dimethylethyi)dimethylsilyl]oxy]propanev(one)^^^^ was added 

and the'^reactidn-wasisallowed-to start-f^After-cooling^to^lO ^C^the^-remainder^of-^the bromide 
was added dropwise. The reaction mixture was stirred at 0 **C for 1.5 h and then added 
30 dropwise to a suspension of copper(I) iodide (18.0 g) in dry tetrahydrofuran (100 ml), cooled 
to -20 After 45 min. stirring at that temperature, a solution of (17P)-17-(acetyloxy)estra- 
4,6-diene-3-one [Syntex, DE 1143199 (1963); 15.0 g] in dry tetrahydrofuran (87 ml) was 
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added dropwise. The reaction mixture was stirred for 2 h while the temperature was allowed 
to rise to 0 °C. After cooling to -10 ^'C, chlorotrimethylsilane (10 ml) was added and stirring 
was continued for 15 min. A mixture of water (400 ml) and hydrochloric acid (4 M, 20 ml) 
was added and the reaction mixture was stirred ovemight. Then it was poured into a saturated 
5 aqueous solution of ammonium chloride and the product extracted into ethyl acetate. The 
combined organic phases were washed with a saturated aqueous solution of sodium 
hydrogencarbonate and brine, dried over sodium sulfate, and concentrated under reduced 
pressure. Column chromatography afforded (7a, 1 7P)- 1 7-(acetyloxy)-7-(3- 
hydroxypropyl)estr-4-en-3-one (14.8 g). 

10 ii) - (Diethyiamino)sulfur trifluoride (1.05 ml) was added to a solution of the product 
obtained in the previous step (1.5 g) in dry dichloromethane (30 ml). After 24 h stirring at 
room temperature, a satxirated aqueous solution of sodium hydrogencarbonate was added and 
the product extracted into ethyl acetate. The combined organic phases were washed with 
brine, dried over sodium sulfate, and concentrated under reduced pressure. Column 

15 chromatography afforded (7a,17p)-17-(acetyloxy)-7-(3-fluoropropyl)estr-4-en-3-one (1.03 

iii) - A solution of the product obtained in the previous step (L03 g) and sodium hydroxide 
(0.202 g) in methanol (20 ml) was stirred at room temperature for 1 h and then at 35 °C for 
another 1 h. The reaction mixture was poured into water and the product extracted into ethyl 
20 acetate. The combined organic phases were washed with a saturated aqueous solution of 
sodium hydrogencarbonate and brine, dried over sodium sulfate, and concentrated under 
reduced pressure. Colunm chromatography and crystallization afforded (7ct,I7P)-7-(3- 
fluorQpropv n-17-hvdroxvestr-4-en-3-one (0.74 g), m.p. ''C, 

25 Example 4 

r7fx,17pV7-Ethenv M7-hvdroxvcstr-4-en-3-one. 

i) - Vinylmagnesium chloride in tetrahydrofiiran (2 M, 9.55 ml) was added dropwise to a 
mixture of (17p)-17-(acetyloxy)estra-4,6-diene-3-one (Example 3, step i; 3.0 g), copper(I) 
30 bromide-dimethyl sulfide complex (0.191 g), lithium bromide (0.083 g), and lithium 
thiophenoxide (0.96 ml of a 1 M solution in tetrahydrofiiran), in dry tetrahydrofiuran (10 ml), 
cooled to -15 **C. After 25 min. stirring a saturated aqueous solution of ammonium chloride 
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was added and the product extracted into ethyl acetate. The combined organic phases were 
concentrated under reduced pressure whereafter the residu was dissolved in acetone (100 ml) 
and treated with hydrochloric acid (4 M, 10 ml). After 30 min. stirring at room temperature, a 
saturated aqufQusr^solution<ssi0f ^sodiumi^hydrogOTearbonatejp was^s^added^The^product* was 
5 extracted into ethyl acetate; the combined organic phasesiftwere washed«with^brine^dried over 
sodium sulfate and concentrated under reduced pressure^ to give (7a,17(5)-17-(acetyloxy)-7- 
ethenylestr-4-en-3-one (3,76 g). The product was used in the following step without fiirther 
purification. 

ii) - Potassiimi hydroxide (1.6 g) was added to a solution of the product obtained in the 
10 previous step (3.76 g) in a mixture of tetrahydrofiiran (50 ml), methanol (44.3 ml), and water 
(14.3 ml). The reaction mixture was stirred at room temperature for 45 min, and then poured 
into water. The product was extracted into ethyl acetate; the combined organic phases were 
washed with brine,^dried*^over ,sodiiun sulfateiuMdi*eoncentrated**imder-^reduGe^ pressure. 
Colunm* chromatography followed by crystallizationv?^ afforded /7a^ 1 7p)-7*ethenyl* 1 7- 
15 hydroxyestr-4-en-3-onc (0.407 g), m.p. 130.5-133.5 °C. 

Example 5^ 

[7af EV 1 7p].7 -f 2.Chloroethenvn- 1 7-hvdr6xvestr.4-en-3^ne^ (a)., and^r r7arZV17p]-7-r2- 
chloroethenylV 1 7-hvdroxyestr-4-en-3'One (b). 

20 

i) - A solution of (7a,17P)-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-3-methoxyestra- 
l,3,5(10),8-tetraene-7.methanol [Kuenzer, H. et al. Tetrahedron Lett. 21, 743 (1991); 7.3 g] 
in dry tetrahydrofiiran (100 ml) was added to liquid ammonia (400 ml), cooled at -40 "C. 
Lithium granulate (3,58 g) was added and the reaction mixture was stirred at reflux 

25 temperature^for 1 h. EthanoI»^(22ikml)iWas*^addedxCarefiilly >and*the«mixture*was*s^^ for 30 
mini Solid ammonium chloride was added«^and the>ammonia«was allowed«to evaporate. Water 
was added^and the-produet was extracted into ethyl acetate.^'i^rhewGombined^Grganic phases 
were^washe^sikimthivw^^^ under 
reduced pressure, to give (7a, 1 7P)-17-[[(1 ,1 -dimethylethyl)dimethylsilyl]oxy]-3- 

30 methoxyestra-2,5(10)-diene-7-methanol (7.22 g). The product was used in the following step 
without further purification. 
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ii) - A solution of the product obtained in the previous step (7.22 g) in a mixtiu-e of pyridine 
(40 ml) and acetic anhydride (4.7 ml) was stirred at room temperature for 2 h. After cooling 
to 0 °C, water was added and stirring was continued for another 1 h. The product was 
extracted into ethyl acetate; the combined organic phases were washed with water and brine, 

5 dried over magnesium sulfate, and concentrated imder reduced pressure, to give (7a,17p)-7- 
[(acetyloxy)methyl]- 1 7-[[(l ,1 -dimethylethyl)dimethylsilyl]oxy]-3-methoxyesfr^^ 
diene (7,80 g). The product was used in the following step without further purification. 

iii) - Following a procedure analogous to that described under ii of Example 1, the diene 
described above (15.9 g) was converted to (7a,17p)-7-[(acetyloxy)methyl]-17-hydroxyestr-4- 

10 en-3-one(4.10 g). 

iv) - Boron trifluoride diethyl etherate (1.34 ml) was added to a mixture of the ketone 
obtained in the previous step (3.52 g), 1,2-ethanedithiol (2.82 ml), and dry methanol (32 ml), 
cooled to 0 °C. After 2 h stirring the reaction mixture was filtered; the residu was washed 
with water and dissolved in dichloromethane. The dichloromethane solution was washed 

15 with water and brine, dried over magnesium sulfate and concentrated xmder reduced pressure, 
to give (7a,17P)-7-[(acetyloxy)methyl]-17-hydroxyestr-4-en-3-one cycUc 1,2-ethanediyl 
dithioacetal (4.21 g). The product was used in the following step without fiirther purification. 

v) - A solution of the product obtained in the previous step (4.21 g) and imidazole (4.75 g) in 
dry dimethylfomiamide (80 ml) was cooled to 0 **C and treated with /-butyldimethylsilyl 

20 chloride (6.01 g). After 2 h stirring the reaction mixture was poured into water. The product 
was extracted into ethyl acetate; the combined organic phases were washed with water and 
brine, dried over magnesiimi sulfate and concentrated under reduced pressure. Column 
chromatography afforded (7a, 1 7p)-7-[(acetyloxy)methyl]-l 7-[[(l ,1 -dimethylethyl)dimethyl 
silyl]oxy] estr-4-en-3-one cyclic 1,2-ethanediyl dithioacetal (6.0 g), 

25 vi) - A solution of the product obtained in the previous step (5.9 g) in dry tetrahydrofiiran (70 
ml) was added dropwise to an ice-cooled suspension of lithium aluminium hydride (1.25 g) 
in tetrahydrofiiran (140 ml). After stirring of the mixture for 45 min., the reaction was 
quenched by addition of a saturated aqueous solution of sodixun sulfate. Ethyl acetate was 
added, and the mixture was filtered over dicalite. The filtrate was concentrated under reduced 

30 pressure to give (7a,17p)-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-7-(hydroxymethyl)estr- 
4-en-3-one cyclic 1,2-ethanediyl dithioacetal (4.66 g). The product was used in the following 
step without fiirther purification. 
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vii) - Tetrapropylammonium perruthenate (0.200 g) was added to a solution of the product 
obtained in tiie previous step (4.66 g) and 4-methylmorpholine iV^oxide (3.31 g) in acetone 
(70 ml). After 4 h stirring at room temperature additional portions of 4-methylmorpholine N- 
oxide (0.65 g) andtetrapropylammpnium penaithenate^($l.OM^ 

5 continuedffor another 2 h. The reaction, mixture was filtfered over-dicalite and^silita! The 
filtrate was concentrated under reduced pressure, to give (7ail7p)-17-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]-7-formylestr-4-en-3-one cyclic 1,2-ethanediyl dithioacetal 
(4.50 g) which was used in the following step without further purification, 
viu) - A suspension of (chloromethyl)triphenylphosphonium chloride (3.52 g) in dry 

10 tetrahydrofiiran (100 ml) was cooled to 0 "C. Sodium /-butoxide (0.917 g) was added and the 
mixture was stirred for 30 min. A solution of the aldehyde obtained in the previous step (1.0 
g) in dry tetrahydrofiiran (15 ml) was added and the reaction mixture was stirred at room 
temperature for2 h. Then it was- poured- into water,and..the product was extracted into ethyl 
acetate.-The combined organic phases were washed with» a saturated^aqueous solution of 

1 5 sodium^hydrpgencaibonate, water and brinei dried, over ma^esium sulf^e; and^concentrated 
undeciredueed pressuref-ColunmitchrGmatography^affOT^^ 

chlordethenyl)-17-[[(l ,1 -dimethylethy4)dimethylsilyl]oxsy^]estr^-enr3-one* cyclic . 1 ,2- 
ethanediyl dithioacetal and [7a(Z).17(J]-7-(2-chloroethenyl)-17-[[(l,l- 

dimethylethyl)dimethylsilyl] oxy]estr-4-en-3-one cycUc 1,2-ethanediyl dithioacetal (0.60 g, 

20 3:1). 

ix) - A solution of periodic acid (0.01 1 g) in a mixture of methanol and water (1:1, 0.60 ml) 
was added to a solution of the product obtained in the previous step (0.10 g) in 
dichloromethane (1 ml). After 1 h stirring at room temperature the reaction mixture was 
poured into a saturated aqueous solution of sodium hydrogencaibonate. The product was 

25 extracted^into .dichloromethane^ the^eombined^ organic phases-weie-washed«with«a saturated 
aqueous, solution, of sodiumrthiosulfatei water, and brinej^dried. over- magnesiumisulfate and 
concehtrated«under redueed»pEessurei to-give a.mixture*of<(7ciP)9PPT^-(2-iEhlioroethenyl)- 
1 7.[[(ns«l-dimethylethyl)dimethylsilyl(]o1c^]est^^ and^ [7a('Z|,17p]-7-(2- 

chloroethenyl)-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]estr-4-en-3-one (0.080 g). The 

30 product was used in the following step without fiirther purification. 

x) - Following a procedure analogous to that described under ii of Example 1, flie product 
obtained in the previous step (0.070 g) was desilylated, to produce a mixture of [7a(E),17P]- 
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7-(2-chloroethenyl)- 1 7-hydroxyestr-4-en-3-one and [7a(Z), 1 7p]-7-(2-chloroethenyl)- 1 7- 
hydroxyestr-4-en-3-one (0.025 g). A part of this mixture (0.01 g) was separated by 
preparative HPLC to afford [7afEV17p]-7-r2-chloroethenvlV17-hv droxvestr-4-en-3-one (7.0 
mg) and [7ntrZV17p]-7-r2-chloroe thenvn-17-hvdroxvestr-4-en-3-onc (2.5 rag). 

5 

Example 6 

[7arE117p]-17-HvdrQXV-7-n.propenvi;>estr-4-en-3>one (a) and [7a(Z). j 7p]-l 7-hydroxy-7- 
n -propenvn estr-4-en-3-one (b). 

10 i) - Potassium r-butoxide (0.346 g) was added to a suspension of ethyltriphenylphosphonium 
bromide (1.21 g) in dry tetrahydrofuran (10 ml) and the mixture was stirred for 1 h at 50 °C. 
A solution of (7a,17p)-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-7-formylestr-4-en-3-one 
cyclic 1,2-ethanediyl dithioacetal (Example 5, step vii; 0.40 g) in dry tetrahydrofuran (2 ml) 
was added and stirring was continued for another 1 h. Then it was poured into water and the 

15 product was extracted into ethyl acetate. The combined organic phases were washed with 
water and brine, dried over magnesium sulfate and concentrated under reduced pressure. 
Column chromatography afforded a mixture of [7a(E),17p]-17-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]-7-(l -propenyl)estr-4-en-3-one cyclic 1 ,2-ethanediyl 
dithioacetal and [7a(Z),17p]-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-7-(l-propenyl)estr- 

20 4-en-3-one cyclic 1 ,2-ethanediyl dithioacetal (0.3 1 7 g, 1 :3). 

ii) - Following a procedure analogous to that described under ii of Example 1, the product 
obtained in the previous step (0.317 g) was desilylated, to produce a mixture of [7a(E),17p]- 
1 7-hydroxy-7-( 1 -propenyl)estr-4-en-3 -one cyclic 1 ,2-ethanediyl dithioacetal and 
[7a(Z),17P)]-17-hydroxy-7-(l-propenyl)estr-4-en-3-one cyclic 1,2-ethanediyl dithioacetal 

25 (0.32 g), 

iii) - Following a procedure analogous to that described under ix of Example 5, the product 
obtained in the previous step (0.32 g) was converted to the 3-oxo compound, to produce a 
mixture of [7a(E),17p]-17-hydroxy-7-(l-propenyl)estr-4-en-3-one and [7a(Z),17P]-17- 
hydroxy-7-(l-propenyl)estr-4-en-3-one (0.083 g). A part of this mixture (0.025 g) was 

30 separated by preparative HPLC to afford [IclCEY 1 7p]- 1 7-hvdroxv-7-( 1 -propenvnestr-4-en-3- 
one (3.5 mg) and [7afZ^.17p]-17-hvdroxv-7-ri-propenvnestr-4-en-3-one (14.0 mg). 
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Example 7 

f 7a, 1 7P)-7-Ethynyl- 1 7-hydroxyestr-4-en-3-one . 



i) - A solution^Aof (7atl7p)-7r[(aGetyloxy)methyl]rl7-[[(l,l-di^^^ 

oxy]-3-methoxyestra-£,5(l*0)-diene (Example 5, ^ stqj ii; 4.88 g)iin a mixtureit^of 
tetrahydrofuran (22 ml) and methanol (31 ml) was^treated with a solution^sof oxalic acid (1.1 
g) in water (18,5 ml). After 1 h stirring at 40 °C, the reaction mixture was poured into water 
and the product extracted into ethyl acetate. The combined organic phases were washed with 
a saturated aqueous solution of sodium hydrogencarbonate, water, and brine, dried over 
magnesiirai sulfate and concentrated under reduced pressure. Column chromatography 
afforded (7a, 1 7P)-7-[(acetyloxy)methyl]-l 7-[[(l , 1 -dimethylethyl)dimethylsilyl]oxy]estr- 
5(10)-en-3-one(1.91 g). 

ii) - /?-Toluenesulfonie acid^(0.020%) was addedHo a solution of the ketone obtained in the 
previous step (1.91 g) in methanol^(40 ml) and trimethyl orthbformatei(r2v3^^ m^^ 10 min- 
stirring^t^om tempgratuf^thc^^reaeti saturated ^ aqueous 
solutipmpf^sodiunn^vhydrogencarbdnat The 
combined^orgamc phases were>^washedi with!i^water^ sulfate 
and concentrated* under redueed^^pressure, to give (7a,17P)-7-[(acetyloxy)methyl]-17-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]estr-5(10)-en-3-one dimethyl acetal (1,77 g). The product 
was used in the following step without further purification. 

iii) - Following a procedure analogous to that described imder vi of Example 5, the product 
obtained in the previous step (1.77 g) was converted to (7a,17p)-17-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]-7-(hydroxymethyl)estr-5(10)-en-3-one dimethyl acetal 
(1.58 g). 

iv) - FollbwirrgtSiprociedufe*^^ that^describediurider^^^ product 
obtained^^ in the ? previous*- step (1.58 - g) was^ convertedv to^^^ (7ct,17P)tl7-[[(l,l- 
dimethylethyl)dimethylsilyl]&1^^ 

v) - Fdll6wing*^a procedure analo'jgous'to'that des^^ 5, the product 
obtained in the previous step (2.0 g) was converted to a mixture of [7a(E),17p]-7-(2- 
chloroethenyl)- 1 7-[[( 1 , 1 -dimethylethyl)dimethylsilyl]oxy]estr-5( 1 0)-en-3-one dimethyl 
acetal and [7a(Z),17p]-7-(2-chloroethenyl)-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]estr- 
5(10)-en-3-one dimethyl acetal (0.90 g, 3:1). 
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vi) - A solution of the product obtained in the previous step (0.90 g) in dry tetrahydrofiiran 
(30 ml) was cooled to -15 "C and then treated with n-BuLi in hexanes (1.6 M, 1.5 ml). After 
10 min. stirring at -15 °C and 20 min. at room temperature another portion of «-BuLi in 
hexanes (1.6 M, 1.0 ml) was added and after 15 min. a third portion of /i-BuLi in hexanes 

5 (1.6 M, 0.5 ml) was added. Stirring was continued for 1.25 h. The reaction mixture was 
poured into a saturated aqueous solution of sodium hydrogencarbonate and the product was 
extracted into ethyl acetate. The combined organic phases were washed with water and brine, 
dried over magnesium sulfate and concentrated imder reduced pressure. Colimm 
chromatography afforded (7a, 1 7p)-l 7-[[(l, 1 -dimethylethyl)dimethylsilyl]oxy]-7-ethynylestr- 

10 5(10)-en-3-one dimethyl acetal (0.40 g). 

vii) - Following a procedure analogous to that described imder ii of Example 1, the product 
obtained in the previous step (0.24 g) was converted to (7<X. 1 7P)-7-ethynyl-l 7-hydrQXyg$tr- 
4-en-3-one (0.1 17 g), [aJo''' = +38.0 ° (c = 0.395, dioxane). 

15 Example 8 

(In 1 7pVl 7-Hvdroxv-7- (1 -pmpvnvnestr-4-en-3-one. 

i) - A solution of (7a,17|3)-17-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-7-ethynylestr-5(10)- 
en-3-one dimethyl acetal (Example 7, step vl; 0.12 g) in dry tetrahydrofuran (2.5 ml) was 

20 cooled to -20 **C and then treated with «-BuLi in hexanes (1.6 M, 0.41 ml). After 30 min. 
stirring at -20 "C, iodomethane (0.066 ml) was added and stirring was continued for 15 min. 
Another portion of iodomethane (0.066 ml) was added and stirring was continued for 1 h at 0 
°C. The reaction mixture was poiired into water and the product was extracted into efliyl 
acetate. The combined organic phases were washed with water and brine, dried over 

25 magnesium sulfate and concentrated under reduced pressure. Coluntm chromatography 
afforded (7a,l 7p)- 1 7-[[(l , l-dimethylethyl)dimethylsilyl]oxy]-7-(l -propynyl)estr-5(10)-en-3- 
one dimethyl acetal (0.051 g). The product was used in the following step without fiuther 
purification. 

ii) - Following a procedure analogous to that described under ii of Example 1, the product 
30 obtained in the previous step (0.051 g) was converted to (7a,17P)-n-hydrt>?ty-7-(l- 

pm pvnvnestr-4-en-3-one (0.03 g), [aJo" = +29.4 " (c = 0.35, dioxane). 
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Example 9 

(7a, 1 7p V7-Cvclopropyl- 1 7-hv(iroxyestr-4-en-3-one , 

i) - Chlorotrimethylsilane (19 ml) was added in 5 min. to a suspension of (17a)-l 7-hydroxy- 
19-norpregna-4,6-dien-20.yn-3-one [Syntex S.A., GB 9351 16 (1958); 18.0 g] in a mixture of 
dichloromethane (300 ml) and pyridine (25 ml), cooled to 0 °C. After 2 h stirring at 0 °C the 
reaction mixture was poured into a saturated aqueous solution of sodium hydrogencarbonate. 
The product was extracted into dichloromethane; the combined organic phases were washed 
with water and brine, dried over sodium sulfate and concentrated imder reduced pressure, to 
afford (17a)-17-[(trimethylsilyl)oxy]-19-norpregna-4,6-dien-20-yn-3-one (22.3 g). The 
product was used in the following step without further purification. 

ii) - A mixture.nof the*produGtrdescribed^above- (60p7 g),^diethyinmalonateji(426 ml), sodium 
methoxide (9 g), and-dry ethanol (165 ml) was stirred at room temperature for 24 h. Part of 
the ethanol was removed (80 ml) and stirring was continued for another^24 h. Again part of 
the ethanol was^removed (25 ml) and the reaetion^mixturis^was stirred-^ 24 h. 
The mixture -was-poured into a satiuated aqueous solution^ of -ammonium chloride and the 
product was extracted into ethyl acetate; The combined organic phases^were concentrated 
under reduced pressure and dissolved in acetone (400 ml). Hydrochloric acid was added (6 
M, 20 ml) and the reaction mixture was stirred at room temperature for 2 h. A saturated 
aqueous solution of sodium hydrogencarbonate was added and the acetone was removed 
under reduced pressure. The product was extracted into ethyl acetate; the combined organic 
phases were washed with brine, dried over sodium sulfate and concentrated. Column 
chromatography afforded diethyl 2-[(7a,17a)-17-hydroxy-3-oxo-19-norpregn-4-en-20-yn-7- 
yl]proparrgait?a[tBV(fc33v8 g)i ♦ 

iii) - A mixture of the product obtained in the previous ,step-( 14.4^ g)^copper(II) bromide 
(14.3 g), and lithium bromide (2.84 g) in acetonitrile>^(2S8«*tnl)«^was*«*stirred^^^^^^ room 
temperature' fdr^l-^h.-Th^^^ mixture^of-sif'Saturated aqueous 
solution of ammonium chloride and a saturated aqueous solution of anomonia (9:1) and the 
product was extracted into ethyl acetate. The combined organic phases were washed with a 
saturated aqueous solution of sodium hydrogencarbonate and brine, dried over sodiimi 
sulfate and concentrated imder reduced pressure. Column chromatography afforded diethyl 
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2-[(7a,17a)-3,17-dihydioxy-19-norpregna-l,3.5(10)-trien-20-yn-7-yl]propanedioate (13.6 
g). 

iv) - Following a procedure analogous to that described under v of Example 5, the product 
obtained in the previous step (12.5 g) was converted to diethyl 2-[(7a,17a)-3-[[(l,l- 

5 dimethylethyl)dimethylsilyl]oxy]- 1 7-hydroxy- 1 9-norpregna- 1 ,3,5(1 0)-trien-20-yn-7- 
yljpropanedioate ( 1 5 .3 g). 

v) - A mixture of the product obtained m the previous step (7.50 g) and copper(II) carbonate 
on dicahte (16.5 g) in toluene (112 ml) was heated at reflux temperature for 2.5 h under 
removal of water by use of a Dean-Stark trap. The reaction mixture was filtered and the 

10 filtrate was concentrated under reduced pressure, to give diethyl 2-[(7a)-3-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]-17-oxoestra-l,3,5(10)-trien-7.yl]propanedioate (7.07 g). 
The product was used in the following step without further purification. 

vi) - /7-Toluenesulfonic acid (0.36 g) was added to a solution of the ketone obtained in the 
previous step (7.07 g) in ethylene glycol (12 ml) and triethyl orthoformate (21 ml). After 1.5 

15 h stirring at room temperature water (200 ml) was added and stirring was continued for 1 h. 
The product was extracted into ethyl acetate; the combined organic phases were washed with 
a saturated aqueous solution of sodium hydrogencarbonate and brine, dried over sodium 
sulfate and concentrated under reduced pressure, to give diethyl 2-[(7a)-3-[[(l,l- 
dimethylethyl)dimethylsilyl]oxy]-l 7, 1 7-[ 1 ,2-ethanediylbis(oxy)]estra- 1 ,3,5( 1 0)-trien-7- 

20 yl]propanedioate (8.48 g). The product was used in the following step without fiirther 
purification. 

vii) - Following a procedure analogous to that described under vi of Example 5, the product 
obtained in the previous step (8.48 g) was converted to (7a)-7-(l,3-dihydroxyprop-2-yl)-3- 
[[(l,l-dimethylethyl)dimethylsilyl]oxy]estra-l,3,5(10)-trien-17-one cyclic 1,2-ethanediyl 

,''25 acetal (3.0 g). 

vui) - Methanesulfonyl chloride (4.60 ml) was added to a solution of the diol obtained in the 
previous step (3.0 g) in dry pyridine (116 ml), cooled to 0 °C. After 35 min. stirring the 
reaction mixture was poiu^d into water and the product was extracted into ethyl acetate. The 
combined organic phases were washed with brine, dried over sodium sulfate, and 
30 concentrated under reduced pressure, to give (7a)-7-[l,3-bis[(methylsulfonyl)oxy]prop-2- 
yl]-3-[[(l,l-dimethylethyl)dimethylsilyl]oxy]estra-l,3,5(10)-trien-17-one cyclic 1,2- 
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ethanediyl acetal (4.08 g). The product was used in the following step without further 
purification. 

ix) - A mixture of the product obtained in the previous step (2.0 g), sodium iodide (3.45 g), 
zink powdeii«(3.14 wateBi(4^1^nili)5^and*dimethoxye^^ 
5 for 3.25 h. After cooling, the^reaction mixture was filtered.- a 
saturated aqueous solution of sodium thiosulfate and brine, dried over ^sodium sulfate and 
concentrated under reduced pressure, to aflford (7a)-7-cyclopropyl-3-[[(l,l- 
dimethylethy l)dimethylsilyl]oxy]estra- 1,3,5(1 0)-trien- 1 7-one cyclic 1 ,2-ethanediyl acetal 
(1.47 g). The prodtict was used in the following step without fiirther purification. 
10 x) - Following a procedure analogous to that described under ii of Example 1, the product 
obtained in the previous step (1.47 g) was converted to (7a)-7-cyclopropyl-3-hydroxyestra- 
l,3,5(10)-trien-17-one (0.63 g). 

xi) - Sodium borohydride (0.45 g) was added to a solution of the compound obtained in the 
previous step (0.63 g) in a mixture of tetrahydrofiiran (8.3 ml), ethanol (8.3 ml), water (1.4 

15 ml), and pyridine (0,05"ml). The reaction niixture was st^ room^empgrature for 1.25 h 

and then^poured- into water. The product was extracted intoveth^^ls^acetates^Thfecombined 
organic phases were washed with a saturated aqueousssolutiomofrsodimn^hydrogencarbonate 
and brine, dried over sodium sulfate and concentrated, to give (7a,17p)l7-cyclopropylest^a- 
l,3,5(10)-triene-3,17-diol (0.710 g). The product was used in the following step without 

20 fiirther purification. 

xii) - A mixture of the product obtained in the previous step (0,29 g), dry potassium 
carbonate (0.77 g), iodomethane (0.35 ml), and dry dimethylformamide (0,87 ml) was stirred 
at room temperature overnight. The mixture was poured into a saturated aqueous solution of 
ammonium chloride and the product was extracted into ethyl acetate. The combined organic 

25 phases were washed^with^a saturated^aqueous solution ^of sodium hydrogenearbonate and^ 
brine, dried^ over sodium sulfate and concentrated^ under . reducedii^pressure. Colimrm 
chromatography afforded^ (7a,17(J)-7-cyclopr0pyl-3-metho»yestFa^*l,3,5(iO)rtrien-47-ol 
(0.096 g). 

xiii) - Following a procedure analogous to that described imder i of Example 5, the product 
30 described above (0.167 g) was converted to (7a,17p)-7-cyclopropyl-3-methoxyestra-2,5(10)- 

dien-17-ol (0,24 g). 
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xiv) - Following a procedure analogous to that described imder ii of Example 1, the product 
obtained in the previous step (0.24 g) was converted to (7a.l 7pV7-cvclopropvl-l 7- 
hvdrnyvestr-4-en-3-one (0,081 g), m.p. 154-158 ^C. 

5 Example 10 

f 7a. 1 7pV 1 7-Hvdrnxv-7-f 1 -methvlcvcloDroDvnestr-4-en-3-one . 

i) - A solution of diethyl 2-[(7a)-3-[[(l,l-dimethylethyl)dimethylsilyl]oxy]-17,17-[l,2- 
ethanediylbis(oxy)]estra-l,3,5(10)-trien-7-yl]propanedioate (Example 9, step vi; 2.0 g) in dry 

10 dimethylformamide (10 ml) was added dropwise to a suspension of sodium hydride (0.481 g) 
in the same solvent (5 ml). After 30 min. stirring, iodomethane (0,94 ml) was added and 
stirring was continued for 1 h. The reaction mixture was poured into a saturated aqueous 
solution of ammonium chloride and the product was extracted into ethyl acetate. The 
combined organic phases were washed with a saturated aqueous solution of sodium 

15 hydrogencarbonate and brine, dried over sodium sulfate, and concentrated under reduced 
pressure, to give diethyl 2-[(7a)-17,17-[l,2-ethanediylbis(oxy)]-3-methoxyestra-l,3,5(10)- 
trien-7-yl]-2-methylpropanedioate (2,19 g). The product was used in the following step 
without further purification. 

ii) - Following procedures analogous to those described under vii - xi, xiii, and xiv of 
20 Example 9, the product obtained in the previous step was converted to (7ft, 1 7P)- 1 7'hydyQXy- 

7-n-methvlcvrlnpropvne str-4-en-3-one. [a]^^'' = -13.6 ^ (dioxane). 

Test Example 

25 

The in vivo potency of the different androgens was determined in a mature male castrated rat 
model. In this model serum LH is high (50x fold higher than intact rats, due to the absence of 
the negative feedback of testicular testosterone). These rats are treated for 4 days daily with a 
suspension fluid containing the androgens per orally, at the afternoon of day 4 serum is 
30 obtained by orbita punction and serum LH is determined. Potency of the different androgens 
are expressed as concentration of serum LH as a % of controle treated rats (which are 
castrated and placebo treated), A lower percentage thus is indicative of a higher potency. 
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Compared were the compounds of Examples 1 and 4, and the prior art compound MENT, 
Even though, in a regular receptor binding assay using the cytoplasmic androgen receptor 
from himian breast tumjti>r*Gellsj»(jM cell line)i4he^e0mpQimdswQf thcivinvention^ an 
5 androgenic potency of the same order of magnitude as MENT (E?eample 1) or lower 
(Example 4), oral activity is much higher. The aforementioned percentage-in the case of 
MENT is 64%. The compounds of the invention both lead to a percentage of 21%. 

The rat LH Time-Resolved Immuno Fluorometricassay (TR-IFMA) has been developed in 
10 house using home made reagents, a monoclonal catching antibody directed against the 6- 
subunit of human chorion gonadotrophin (hCG, which cross react with rat B-subunit) and a 
biotin labelled detecting antibody (rabbit polyclonal antibody directed against the alfa- 
subunit of recombinant^rat LH). Recombinant rat LH*was prepared according to the methods 
described by Hakola^et al. 1997. In this two-site-IFMA, only intact rat LH is detemiined by a 
15 final incubation with streptavidin-europixmi. The -detection in the^IFMA is based on 
fluorescence of the- lanthanide europium fduringfta relativ.e-.long»:^exi^^^^ The 
concentration range of rat LH standard«is 0.004'^ 0 ng/mlj fbr^optimal aceuracy measu^ 
of serum LH serum samples were diluted 8-times with assay^buffer: 

20 1- Hakola, K., Boogaart, P.V., Mulders, J., de Leeuw, R., Schoonen, W., Heyst, J.V., Swolfs, 
A., Casteren, J.V., Huhtaniemi, L, and Kloosterboer, H. Recombinant rat luteinizing 
hormone; production by Chinese hamster ovary cells, purification and functional 
characterization. Molecular. &.CelIular,Endocrinology 128(l-2):47-56, 1997. 
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Claims: 



1 , A compound of the structural formula: 



EPO - DG 1 
0 6. 04. 1999 




Formula I 



wherein 

R, is O, (H,H), (H,OR), NOR, with R being hydrogen, (C, J alkyl, or (C, J acyl; 
10 Rj is (C2.3) alkyl, isopropyl, (C2.3) 1-alkenyl, isopropenyl, 1,2-propadienyl, or (C2.3) 1- 

alkynyl, each optionally substituted by halogen; or Rj is cyclopropyl, or cyclopropenyl, 

each optionally substituted by (Cj.j) alkyl or halogen; 

R3 is hydrogen, (€,.2) alkyl, or ethenyl; 

R^ is (C,.2) alkyl; 
15 R5 is hydrogen, or (C,.j5) acyl; 

and the dotted lines indicate optional bonds; 

with the proviso that the compound is not (7a)-7-ethyl-17-hydroxyestr-4-en-3-one (7a- 
ethyl-19-nortestosterone) or a carboxylic ester thereof 



20 2, A compound according to claim 1, characterised in that Rj is selected from the group 
consisting of ethyl, ethenyl, ethynyl, propyl, 1-propenyl, 1-propynyl, 1,2-propadienyl, 
and cyclopropyl. 
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3. 
4. 



A compound according to claim 2, characterised in that R2 is C2. 
The compound 7a-ethyl-19-nortestosterone as a medicine. 
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5. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and 
comprising, as a medicinally active agent, a steroid compound satisfying the general 
formula I 
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Formula I 



wherein 

R, is O, (H,H), (H,OR), NOR, with R being hydrogen, (Ci^) alkyl, or (Cj J acyl; 

R2 is (C2.3) alkyl, isopropyl, (C2.3) 1-alkenyl, isopropenyl, 1,2-propadienyl, or (C2.3) 1- 
10 alkynyl, each optionally substituted by halogen? or R2 is eyclopropyl, or cyclopropenyl, 

each optionally substituted by {C1.2) alkyj or halogen; 

Rfis hydrogc^r(ps;2) alkyl or^henyl; - 

R4 is (Oi.2) all^U 1 

R5 is hydrogen, or (€,,,5) acyl;- 
1 5 and the dotted lines^indiGate optional bondSi-^ 

6. A pharmaceutical formulation according to claim 5, characterised in that in the steroid 
compound R2 is selected from the group consisting of ethyl, ethenyl, ethynyl, propyl, 1- 
propenyl, 1-propynyl, 1,2-propadienyl, and eyclopropyl. 

20 

7. A pharmaceutical formulation according to claim 5, characterised in that the steroid 
compound-^ is (7a)-7-ethyH7-hydr0xyestr-4-en^-one*. and*^, (7(»)^J7-ethenyl-17- 
hy droxyestr-4-en-3 -one; 

25 8. A pharmaceutical formulation according to claim 6 or 7, characterised in that it is suitable 
for oral administration. 
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9. The use of a compound satisfying formula I for the preparation of a medicine for treating 
androgen insufficiency. 

10. A kit for male contraception comprising means for the administration of a progestagen 
and means for the administration of an androgen, characterised in that the latter means is 
a pharmaceutical formulation according to any one of claims 6-8. 
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0 6. 04. 1999 



ABSTRACT 



Novel, orally active androgens are derivatives of 7a-methyl-19-nortestosterone. The 
compounds satisfy the general formula 




Formula I 



wherein 

10 R, is O, (H,H), (H,OR), NOR, with R being hydrogen, (C.J alkyl, or (C, J acyl; 

R2 is selected from the group consisting of (C2.3) alkyl, isopropyl, (C2.3) 1-alkenyl, 
isopropenyl, 1,2-propadienyl, or (C2.3) 1-alkynyl, each optionally substituted by halogen; or 
R2 is cyclopropyl, or cyclopropenyl, each optionally substituted by (Cj.j) alkyl, or halogen; 
R3 is hydrogen, (C,.2) alkyl, or ethenyl; 

15 R4 is (C1.2) alkyl; 

R5 is hydrogen, or (Ci.,5) acyl; 

and the dotted lines indicate optional bonds. 



